comprehensive standardized questionnaire, which could be used as an efficient and low-cost alternative to PSG. A major contribution to this effort has been the Pittsburgh Sleep Quality Index (PSQI). During the instrument's development, both quantitative and subjective aspects of sleep, such as depth and comfort, were taken into consideration. 8 The PSQI consists of seven components, each of which assesses a particular clinical aspect of sleep. The scores from each component are added to give a sum score, also called a global score (range 0 to 21). Combined, these numerical scores provide the clinician with an efficient overall summary of a patient's quality of sleep and sleep health.
The PSQI has been used to examine sleep among various clinical, experimental, and normative samples. 9 The psychometric and diagnostic properties have been evaluated in many sleep disorders, cultures, languages, and populations. 10 There is now evidence that young adult male university students are particularly prone to sleep disorders. 1, 3, 4 However, the validity and diagnostic applicability of the PSQI has not been established among this group nor among the young adult population in general. One exception to the overall lack of research in this area was the work of Aloba et al, 11 who carried out a validation study of the PSQI in Nigerian university students and employed structured clinical interviews as the concurrent validation measure. However, to the best of our knowledge, no study has investigated the validity and diagnostic use of the PSQI among university students concomitant with the gold standard measure of PSG.
To address the need for a PSG validation of the PSQI among university students, we sought to carry out an investigation among this group, with a specific focus in an Indian sample, an underrepresented ethnic group in research efforts on the PSQI. Veqar et al, 12 reported test-retest reliability of PSQI in university students with poor sleep. Our study aimed to extend these psychometric findings and to use PSG for examining the PSQI's internal consistency, internal homogeneity, criterion validity, receiver operating characteristic (ROC) curve analysis, and other validation measures in young adult males.
M ET H O D S
Forty-seven male university students from Jamia Millia Islamia, New Delhi, India, were recruited between 2012-2013. No female subjects were recruited for the study. It has previously been reported that women are reluctant to participate in overnight polysomnographic studies, which are generally supervised by male technicians. 13 The mean ±standard deviation (SD) age and body mass index (BMI) of the students was 23.4±3.9 years and 23.34±3.31kg/m 2 , respectively. Selection was made after a clinical interview to determine exclusion due to any serious cardiovascular, neurological, and psychiatric conditions, and other confounding medical conditions such as chronic pain, major recent injury, surgery, or emotional setbacks, and history of smoking, alcohol, and drug abuse. A detailed explanation regarding the purpose and procedures of the study was provided to the students and they gave informed consent in compliance with the requirements of the Helsinki Declaration.
The study was approved by the Human Institutional Ethics Committee of Jamia Millia Islamia. Since English was the medium of instruction at the university, all participating students had a communicable to proficient level of English language.
All the participants underwent PSG sleep recordings for two consecutive nights, of which only the data from the second night were included in the study. The first night served as the adaptation night in the sleep laboratory environment. The RMS Quest 32 polysomnograph (Recorders and Medicare Systems, Chandigarh, India) was used to record sleep. The 2007 American Association of Sleep Medicine (AASM) manual was used for sleep scoring.
14 The AASM standard recommendations for electroencephalography, electrooculography, chin electromyogram, electrocardiogram, limb movement, and blood oxygen saturation levels were used for sleep recording and evaluation. The sleep laboratory conditions were regulated as suggested in the literature. 15 The original English version of the PSQI scale was used.
All volunteers were given general instructions for filling the PSQI by a simple demonstration and completed the forms at the time of the clinical interview. This was done to minimize validity problems from exaggeration and/or under-reporting of the severity and/or frequency of symptoms. 16 The PSG recordings and PSQI data were analyzed to evaluate sleep and sleep characteristics. The sleep scoring of the PSG records was carried out by an experienced sleep researcher blinded to the PSQI score of the participants. A PSQI global score of ≥6 confirmed the presence of sleep disturbance. These scores were then used to evaluate the criterion and diagnostic validation of the PSQI.
The statistical package SPSS version 16.0 (SPSS Inc., Chicago, USA) was used to calculate descriptive and correlation statistics. The Cronbach alpha reliability test and correlation analysis between PSQI component and global scores were performed to calculate internal consistency and internal homogeneity. The PSQI component and global scores were correlated with the PSG measures of sleep onset latency (SOL), total sleep time (TST), total duration of wake after sleep onset (WASO1), number of episodes of wake after sleep onset (WASO2), and sleep efficiency (SE) for assessment of criterion validity. All correlations were computed using Spearman's two-tailed test. The PSQI scores for sleep latency, sleep duration, sleep disturbance, daytime dysfunction, self-rated sleep quality, sleep efficiency, and medicine use will henceforth be referred to in this report as latency score, duration score, disturbance score, daytime dysfunction score, sleep quality score, sleep efficiency score, and medicine use score, respectively. MedCalc version 13.1.0 (MedCalc Soft., Acacialaan, Ostend) statistical software was used for ROC curve analysis. PSG served as the gold standard diagnostic test and the PSQI global score was the test variable. Sensitivity, specificity, Youden index J, area under the curve (AUC), likelihood ratio for a positive result (+LR), and likelihood ratio for a negative result (-LR) were calculated to validate the diagnostic accuracy of the PSQI scale. 17 The percentage test accuracy (specificity + sensitivity/2), false-positive and false-negative rates (100-Specificity) were calculated manually.
R E SU LTS
The median and interquartile range (IQR) of the PSQI component scores of sleep duration, sleep disturbance, sleep latency, daytime dysfunction, sleep efficiency, self-account of overall sleep quality and global scores were 1(0), 1(0), 1(1), 1(2), 0(1), 1(1) and 5(4), respectively. Table 1 shows the frequency distribution of the PSQI components and the global score. Participant's characteristics are given in Table 2 .
The internal consistency test of PSQI scores showed an overall reliability coefficient (Cronbach's alpha) of 0.736, a value suggesting acceptable consistency. The internal homogeneity test of correlation between the PSQI component scores and the global score showed significant and moderate to strong results [ Table 3 ]. The majority of correlations between the component scores and the global score were significant (p<0.010). Significant correlations were found between the two scores when these were assessed for poor sleepers (PS) and normal sleepers (NS) either as separate groups or when analyzed as a combined group. The highest significant correlation coefficient was for the PSQI global score with the self-rated sleep quality score (r=0.797, p<0.010) and the least for global score with the duration score in the combined group (r=0.328, p<0.050). The intracomponent correlations also had many significant pairs with latency score-sleep quality score showing highest correlation (r=0.645, p<0.010) and latency score-daytime dysfunction score (r=0.291, p<0.050) the least correlation. Only the duration and disturbance scores in the NS group had no significant correlation with the global score; however, even for these PSQI components, the PS and combined group showed a significant correlation. The medicine use score was irrelevant in both tests because none of the participants reported drug use for sleep related issues. Therefore, the correlation matrix does not mention it [ Table 3 ]. The global score and all PSQI components, excluding duration and medicine use score, were significantly higher in poor sleepers [ Table 4 ]. These findings support the conclusion that the PSQI differentiated poor sleepers from normal sleepers and that the questionnaire items were internally consistent.
PSQI component and global scores were correlated with their corroborative PSG measures [ Table 5 ]. Very few of the correlations between the global PSQI score and PSG measures were significant. Analysis of correlations was performed for the two groups when combined, as well as for the NS and PS groups separately. Only the PSG measures of SOL and total report time (TRT) among the PS group showed moderately strong, negative and significant correlations at p<0.050 with the global PSQI score. Correlations between PSQI Allied health sciences 11
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Upper class 3 component score and PSG measures SOL, WASO1, WASO2, TST, TRT, and SE showed some better correlations. The PSQI score for sleep duration showed a significant negative correlation with the relatively similar polysomnographic representations of TRT and TST in the NS and PS groups when measured separately and when combined. The PSQI score for sleep disturbance had a significant negative and moderately strong correlation with SOL in the PS group. The PSQI sleep latency score showed significant correlations with TST (negative and moderately strong) and TRT (moderately strong) in the NS group, while the PSQI sleep latency score had a negatively and moderately strong correlation with the PSG sleep onset latency score in the PS group. The PSQI scores for daytime dysfunction and sleep efficiency did not show any correlation. The sleep quality score among PS showed a significant negative and moderately strong correlation with SOL (p<0.010). Table 6 and Table 7 show the results of the ROC curve analysis. The ROC curve is shown in Figure  1 . The analysis showed that a PSQI global score >6 was the optimal cut-off point for the diagnostic categorization of the population in NS and PS. Sensitivity, specificity, +LR and -LR for all the global scores (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) reported by the participants of the study sample were calculated. The values of sensitivity, specificity, +LR, -LR at the cut-off score were 75.0, 88.9, 6.75, and 0.28, respectively. Table 7 shows AUC, Youden index J, test accuracy, and the false-positive and false-negative rates at the experimental cut-off score.
BMI: Body mass index

D I S C U S S I O N
To the best of our knowledge, this is the first study to examine the PSQI psychometric and diagnostic validity with respect to PSG in young adult male university students. It is also the first report of PSQI validity in any segment of the Indian population using PSG sleep evaluation. India is a diverse country with hundreds of languages; it thus offers to the researcher a unique and challenging opportunity for evaluating a questionnaire instrument. The usual approach of translating the scale into the local language may not be easy in the Indian population. We had the advantage of investigating a sample of fluent English speakers. English is the common language facilitating communication among Indians from different regions.
The study assessed the PSQI's internal consistency and homogeneity, criterion validity and ROC curve analysis, and other measures of diagnostic validity. Nearly equal numbers of PS and NS, based on global score of ≥6, were recruited. 8 This was done as per the prevalence report in the population. 2 Earlier works have shown that the Korean version of the PSQI is a valid and reliable tool in distinguishing poor and good sleepers. 18 The overall reliability coefficient (Cronbach's alpha of 0.736 indicated that the PSQI had acceptable consistency. The experimental value of Cronbach's alpha is higher than that reported in Arab (0.650) 19 and Israeli samples (0.720) 20 , and less than that reported in the Iranian population (0.770) 10 and the PSQI scale presenting paper by Buysse et al (0.830). 8 The medicine use score irrelevance and duration score contributed negatively to the Cronbach's alpha value. This was evident in an increased Cronbach's alpha value of 0.757 if the medicine use score was deleted. Similarly, deletion of the PSQI sleep duration score (to assess its effect) increased the Cronbach's alpha value to 0.767. This duration score effect also showed up in largely nonsignificant and weak correlation of the item with other components in the internal homogeneity test. Moreover, this was the only item that did not show significant differences between NS and PS. This is an interesting finding and contributes to the continuing debate about the validity of subjective accounts of sleep duration. 21 The internal homogeneity was significant and correlation, r values, were strong (r>0.7) as evaluated by correlation analysis between global and component PSQI scores.
None of the included subjects reported use of any sleep medicine. This may be an important population specific finding because it is consistent with our experience of the rare reporting of sedative use in the Indian population for sleep related problems. It was recently reported that medicine score had the least contribution in assessing sleep problem in Indian students. 2 The phenomenon of medication use was not explored further in our study. This observation suggests that a difference in sleep experience may exist between the North American population used in earlier validation studies of the PSQI 8 and our South Asian sample. However, the relevance of this speculation would need to be investigated in a comparative cross-cultural study. The significantly higher values of global and PSQI component scores (except duration) among poor sleepers further validate the diagnostic discriminative ability of the scale.
The PSG and PSQI component and global scores have almost uniformly been shown to be very poorly correlated. 8, 18, 22 Our study also found poor correlations between the sleep factors studied by the two methods. The main reason for the non-comparability of the findings is most likely attributable to differences in the construct design; the PSQI summarizes the previous month's sleep while PSG only measures one specific night of sleep. 8 This important difference may have affected the findings of the present study. The criterion validity is the extent to which the measures are demonstrably A significant correlation of latency score with WASO1 in the combined group was found. This seems to indicate that sleep onset and sleep maintenance problems were usually present in the same individuals in the study sample. Polysomnographic TRT and TST showed significant negative correlations with the daytime dysfunction score. TRT and TST are reflective of the sleep duration while the daytime dysfunction score gives an account of daytime sleepiness. Liu et al, 23 reported a significant relationship between short sleep duration and daytime dysfunction among Japanese Asians. The significant and moderately strong negative correlation (r=-0.563, p<0.010) of the sleep quality score with SOL in PS suggested that sleep latency may be an important determinant of subjective sleep quality among Indian male students with sleep problems.
The cumulative history of PSQI validation studies has shown that the instrument has substantial reliability and validity for measuring sleep problems in young adult males. However, this body of evidence has shown that a key measurement issue, especially for establishing the PSQI's validity, is how to determine the best cut-off point for differentiating NS from PS.
A widely accepted approach is to maximize the sum of sensitivity and specificity (test accuracy), which is equivalent to maximization of Youden's statistic ( J=sensitivity + specificity -1). 24 In our study, this analysis showed that a global score of >6 was the optimal cut-off point for distinguishing NS and PS in this segment of the Indian population. The cut-off score is slightly greater than that published in the presenting paper of the PSQI scale (global score >5). This again may be due to the zero sensitivity of the medicine use score in the study. Moreover, different recommendations for cut-off scores have been reported previously. 8, 18, 22, 25, 26 Backhaus et al, 22 concluded that a global score cut-off of 6 was better in distinguishing primary insomniacs from healthy controls in the German population. The AUC value at the experimental cut-off was 0.83 (CI 0.70-0.93; p<0.0001), which is in moderatehigh accuracy range. 27 Curcio et al, 25 reported an AUC value of 0.70 and an optimal global cut-off score of 5. Our study shows moderately higher range of sensitivity and specificity (75.0% and 88.9%, respectively). Our numeric figures of two indices are lower than those reported by the PSQI presenting paper and some other reports. 8, 18, 22 Nevertheless, it is higher than that reported by Aloba et al, 11 among a Nigerian university student population with 72.0% sensitivity and 54.5% specificity.
Likelihood ratios showed that the PSQI had adequate performance in sleep problem diagnosis in the study population. These ratios are less likely to be affected by population specific prevalence differences of the disorder than sensitivity and specificity. The experimental LR+ value of 6.75 (at cut-off score) meant that the PSQI scale had a moderately high efficiency as a diagnostic test. 28 The false negative rate (25%) was slightly higher than previously reported in dementia patients (21%) at a memory clinic. 29 
C O N C LU S I O N
The PSQI scale in its original, English form was found to be efficient in diagnosing sleep disturbances among young adult male Indian University students. The task of validating the PSQI was made easier by the linguistic characteristics of Indian society, and, for the same reason, we believe that the present findings have broad generalizability to the Indian population, and thus support the PSQI's applicability in this population. As the earlier studies have shown, the cut-off score is sensitive to culture and population 8, 18, 22, 25, 26 and we recommend that a cut-off score of >6 be used in the Indian population. However, the absence of any medicine use and the exclusively male sample highlight the need to build on this preliminary study. The range of the PSQI global was 1-15 in our study sample, which is less than the maximum possible range of 0-21. So, the non-representation of the extremely sleep disturbed group is a limitation. However, this aversion to medicine use may also indicate a general cultural reluctance to accept pharmaceutical interventions. In this prospective study, the sample size was a limitation and future validation studies on the Indian population with larger sample size are needed. It may still be an important finding given the poor status of awareness about sleep research and sleep health issues in the country at present. 30 The results were generally supportive of the PSQI's validity and utility for evaluating sleep problems in Indians, and thus represent a foundation for further studies in this area.
